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THE RELATIONSHIP OF SKIN COLOR TO ZYGOSITY IN TWINS'S
RICHARD N. COLLINS, M.D.t, AARON B. LERNER, M.D., PH.D.
AND JOSEPH S. McGUIRE, M.D.
The study of identical twins has been used in
many fields of clinical research to help delineate
the relative importance of genetic and environ-
mental factors in the pathogenesis of disease.
The literature on various dermatoses occurring
in twins is extensive and has been reviewed
elsewhere (1); however, the twin method has
been used very little in the investigation of
human pigmentation. The color of human skin,
hair, and eyes is largely dependent upon the
amount of melanin synthesized in melanoeytes.
The presence of these cells in the basal layer of
the epidermis represents the endpoint of a mi-
gration from the neural crest which probably
occurs before the end of the third month of fetal
life. The distribution of melanocytes in human
skin has been the subject of intense investiga-
tion in recent years. Szabo (2) showed that the
presence of melanoeytes in all skin areas is hide-
pendent of exposure to sunlight or covering with
clothes. Stariceo and Pinkus (3) and Szabo (2)
have studied the distribution of melanocytes in
different races and compared melanocyte counts
in various areas of the body. There are no
significant racial differences in number or distri-
bution of melanoeytes. The differences in color
between races, and between individual sub-
jects, are due to variations in the quantity and
distribution of melanin pigment within the
melanocytes. Two hormones, alpha- and beta-
melanocyte stimulating hormones (a- and 6-
MSH), which may be important regulators of
skin color in man (4) have been isolated from
the pituitary gland. These investigations have
in turn aroused new interest in the role of ge-
netic and non-genetic factors in human pigmen-
tation.
Siemens was the first investigator to utilize
the twin method in research on human pigmen-
tation (5, 6). Studying pigmented nevi in a
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group of 45 monozygous and 23 dizygous twins,
he observed that the total number of nevi is in-
herited, but not their distribution.
Edwards described an objective method for
the quantitative measurement of skin pigment
in human subjects utilizing the recording spec-
trophotometer (7). In our study we followed a
modification of this method (5). We used a
photoelectric reflection meter to determine skin
color in twins of proved zygosity in various age
groups. Speetrophotometrie methods have also
been used in the study of skin color of West
Africans, Europeans and F1 hybrids (9).
MATERIALS AND METHOD5
Twenty-six pairs of twins of the same sex were
selected from the hospital and clinic population
and from interested families outside the hospital.
All were of Caucasian race and ranged in age
from 3 to 51 years.
Reflectance readings were taken on each twin
over areas of the body unexposed to sunlight with
a Photovolt photoelectric reflection meter, model
610, which consists of a photocell search unit that
registers values of reflectance from 0 to 100 units
on a galvanometer dial. Before examination of
each twin, the photometer was standardized for 0
and 100 unit values by placing the search unit on
black (0) and white (100) enamel plates, respec-
tively. Areas selected were the lower right ab-
dominal quadrant over MeBurney's point and the
mid portion of the left buttock. Readings were
taken alternately on each twin without filter, then
repeated with red, blue, and green filters. Thus
eight readings were taken on each subject.
Zygosity was determined by analysis of blood
groups on samples drawn from each twin and
where possible from the parents. Statistical proba-
bility of dizygosity was calculated according to
the method of Smith and Penrose (10). Examples
of this typing method are shown in Table I.
RESULTS
Results of skin reflectance readings from each
twin pair are summarized in Tables II A and
II B.
Eight readings were obtained from each twin.
The differences between each pair of readings
from a twin pair were summed to give the total
absolute difference. The average absolute differ-
ence (AAD) is obtained by dividing this number
by eight (the number of paired readings). The
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TABLE I
Determination of zygosity by blood group analysis
(Smith and Penrose, 1955)
Twin pair
oumber
Mother
7Father
Twina
Twinb
Blood group factors Total
chance of
dizygos-
ity(%)
3.8
Di-
agnosis
Ms
A
0
0
0
0
B C
++
0 0
++
++
D
+
+
+
+
E
0
0
0
0
c
0
+
+
e cv
0
0
0
K
0
0
0
0
k Fy5
0
0
M
+
+
0
0
N
+
+
+
+
S
+
+
s
+
+
+
+
P
0
0
0
0
l3Twina
Twinb
0
0
0
0
0
0
+
+
0
0
+
+
+
+
0
0
+
+
+
+
0
0
+
+ 2.5 Ms
lbTwina
Twinb
0
0
+
0
+
+
+
+ 0+0+
+
+
0
0
0
0
+
+
+
0
0
0
+
+
0
+
+
+
+
0
lOOM
100.0
Dz
Dz
l7Twina
Twinb
0
+
0
+
+
+
+
+
0
0
0
0
AAD is an objective measurement of similarity
of dissimilarity of skin color and can be used in
comparing the identical and non-identical groups
of twins (Table III).
Among the identical twins, intrapair differ-
ences (AAD) ranged from 0.5 to 2.63 with an
average of 1.03 for the thirteen pairs. Among
tbe non-identical twins, the range was 1.88 to
11.88 with an average of 4.26 for the group.
To evaluate the statistical validity of the
differences recorded for the two groups of twins,
Student's t test was employed (11). The differ-
ences were found to be significant to the extent
of p < 0.001. Stated differently, there is less
than 1 possibility in 1,000 that such an observed
difference could occur by chance alone.
DIsCUSsION
In designing this study, we attempted to con-
trol as much as possible extraneous factors
which would bias a comparison of skin color in
identical or non-identical twins. Excluded from
consideration in the dizygous group were any
boy-girl twin pairs in whom hormonal factors
might cause significant differences in skin color.
In addition, areas of the body which arc ordi-
narily protected from sunlight, even in bathing
attire, were measured, thus excluding variant
occupational or recreational light exposure as a
factor contributing to differences in skin color
between twin pairs. As a matter of interest,
skin readings of the forehead were done in all
twin pairs. No consistent relationship between
similarity of skin color and degree of genetic
identity was found.
Several pigments, including carotene, reduced
and oxidized forms of hemoglobin and melanin
contribute to normal skin color; experiments by
Edwards (7) support the concept that melanin
is the principal pigment responsible for color
differences between individuals and among the
various races. The results of our comparison of
a group of twins with identical genetic makeup
and a group of similar but non-identical twins
suggest that the quantity and distribution of
melanin in human subjects is governed largely
by genetic factors. The exact role played by
hormonal factors has not yet been fully assessed.
It is of interest that in this study the two highest
intrapair differences recorded in the identical
group occurred in pubertal females (pairs No.
3, 7) in whom sexual maturation and hormonal
activity might be expected to influence pigmen-
tation.
As early as 1925 Siemens suggested using skin
color to determine zygosity in twins (5). His
concept found little favor among gcmcllologists.
Osborne and DeGeorge have written that, "skin
color . . . is subjectively classified, and its rela-
tively high degree of modifiability makes its
general usefulness highly questionable" (12).
The photoelectric meter provides an objective
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TABLE II A
Results of skin reflectance readings in thirteen monozygous twin pairs
Pair no.
1
Sex
M
Age
36
Twin
a
b
Right lower quadrant filter Left lower hack filter
AAD*
0.5
0
66
66
Red
84
85
Blue
50
50
Green
54
54
0
65
67
Red
85
85
Blue
48
48
Green
52
53
2 F 21 a
b
65
63
75
76
50
49
54
53
74
74
86
85
55
57
60
62 1.25
-
3 F 13 a
b
67
66
75
76
46
47
54
53
68
66
79
81
50
49
49
47 1.38
4 F 48 a
b
71
71
80
82
51
52
62
61
66
68
80
81
46
47
54
54 1.0
5 M 5 a
b
48
46
59
59
31
31
32
32
47
46
60
62
32
30
34
35 1.0
6 F 3 a
b
58
58
78
80
34
35
47
46
59
60
81
81
39
41
46
46 0.88
7 F 12 a
b
58
57
64
61
40
37
58
56
59
56
70
66
41
38
58
56 2.63
8 M 20 a
b
56
56
70
72
40
40
47
48
57
58
73
72
44
43
47
46 0.88
9 M 51 a
b
59
59
67
66
41
42
48
46
58
59
74
72
40
41
46
46 1.0
10 M 14 a
b
60
61
81
79
49
48
50
49
57
57
80
81
39
38
39
40 1.0
11 M 14 a
b
55
55
74
74
35
35
42
42
59
60
80
82
44
45
50
49 0.63
12 M 12 a
b
64
64
81
80
48
48
40
39
56
56
70
69
39
39
42
43 0.5
13 M 14 a
b
52
50
71
71
45
44
36
36
51
50
66
68
38
38
41
41
—
0.75
Average 1.03
* Average Absolute Difference between twins a and b, based on eight comparative readings.
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TABLE II B
Results of skin reflectance readings in thirteen dizygous twin pairs
Pair no.
14
Sex
M
Age Twin
7 a
b
Right lower quadrant filter Left lower back filter
AAD
3.25
0
55
50
Red
75
72
Blue
34
37
Green
44
41
0
59
57
Red
74
77
Blue
42
45
Green
45
49
15 M 14 a
b
61
49
81
70
47
30
51
33
54
45
80
73
43
30
43
35 11.88
2.88
16 F 16 a
b
58
61
72
75
43
45
51
53
63
60
80
85
41
44
51
53
17 M 16 a
b
47
55
58
67
29
35
37
39
45
53
61
75
31
40
33
40 7.88
18 M 18 a
b
63
57
83
80
47
40
47
45
60
62
86
84
50
42
47
50 4.13
2.63
19 F 18 a
b
62
66
75
79
49
50
55
57
68
70
84
87
53
51
56
59
20 F 7 a
b
55
52
80
78
38
36
45
47
54
51
84
79
39
32
42
40 3.25
21 F 11 a
b
62
67
86
93
50
58
55
63
56
64
88
90
48
51
52
49 5.50
22 M 4 a
b
60
58
88
86
50
46
51
49
63
52
87
89
50
45
51
49 3.75
23 M 3 a
b
55
58
87
86
44
43
52
50
59
58
83
89
45
47
48
50 2.25
24 F 6 a
b
57
60
88
86
44
40
52
48
59
64
88
89
43
46
48
53 3.38
25 F 5 a
b
56
53
82
80
38
39
47
46
51
49
80
79
37
35
43
40 1.88
26 M 10 a 55 83 42 43 56 88 43 46
b 53 80 36 44 57 86 38 48 2.75
Average 4.26
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TABLE III
Comparison of results in monozygous
group with dizygous group
Group Number oftwin pairs Range of AAD
Average
difference for
group as wbole
Ms
Dz
13
13
0.5—2.63
1.88—11.88
1.03
4.26
means of comparing skin color in human sub-
jects; a method that may be useful in deter-
mining zygosity in future twin studies. In several
of the twin pairs examined in this study the
nature of the twinship as determined by blood
grouping was tmknown before the skin readings,
and it was possible to make an accurate predic-
tion of zygosity on the basis of recorded intra-
pair differences.
SUMMARY
1. A method of objective measurement of
skin color in human subjects is described.
2. Comparison of measurements in monozy-
gous and dizygous twin groups reveals a close
correlation between similarity of skin color and
degree of genetic identity.
3. Tbe potential application of this method in
future twin studies is indicated.
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